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Objectives: This study aimed to establish the relationship between total ghrelin, acyl ghrelin, des-acyl ghrelin,
leptin, and insulin with anthropometry, gender, and age distribution in healthy children.
Results: Data from 111 healthy children aged 4 months to 10 years were studied. All the participants underwent
a pre-study screening clinical evaluation and were separated in 3 age groups. All had blood collected to assay.
Anthropometric parameters were measured according to World Health Organization. In order to determine
the correlation between dependent and independent variables, a multiple linear regression analysis was used.
Overall median age of subjects was 60.0 months. After multiple regression analysis, correlation between total
ghrelin, acyl ghrelin and des-acyl ghrelin remained signiﬁcant with age. Correlation between leptin values and
age, body mass index-for-age ratio, height-for-age ratio, and female gender remained signiﬁcant. There was
no signiﬁcant correlation between insulin and ghrelin, and between insulin and leptin in all age groups. There
was an inverse signiﬁcant correlation between total ghrelin and des-acyl ghrelin with leptin in the whole group.
Conclusions:Ghrelin showed an inverse correlationwith age and leptin showed a direct correlation with anthro-
pometric parameters and female gender in healthy children. Insulin did not show any correlation.
© 2011 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Ghrelin is a peptide hormone with a potent orexigenic effect and
is mainly produced in the stomach where it is directly related with
consumption of food. The vagally-mediated ghrelin signal reaches
the hypothalamus via nuclei in the caudal brainstem, particularly
the nucleus of the tractus solitarius, where it participates in neuroen-
docrine processes that control appetite and the secretion of growth
hormone (GH) [1–5]. Effect of ghrelin on short-term regulation of
food intake and long-term regulation of body weight has been de-
scribed [6]. Three peptides are produced by ghrelin gene: acyl ghrelin,
des-acyl ghrelin and obestatin; all may be part of a complex system
with multiple elements that comprise the center of an integrated
gut–brain axis that modulates appetite, digestion, gut motility, adi-
posity and energy partition [7,8].de Gastroenterologia e Hepa-
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.
vier OA license.Leptin, an adipocyte-derived protein, was identiﬁed as a product of
the obesity gene whose autosomal recessive mutation results in pro-
found hyperphagia and obesity [9]. It is mainly produced in white adi-
pose tissue and circulates as the content of adipose tissue [10]. It has
been shown that serum leptin concentration reﬂects body fat mass
[10–13], and might be considered as a reliable marker of fat, body
mass and energy homeostasis [14–16]. Leptin and insulin have inhibito-
ry effects on food intake and both increase energy expenditure [9].
Insulin is an anabolic hormone produced in the pancreas and plays
an important role in controlling body weight; therefore, it is one of the
hormones responsible for regulating food intake and energy expendi-
ture, and acts in the hypothalamus where it interacts with neurotrans-
mitters involved in themechanisms that control satiety and hunger [16].
Ghrelin, leptin and insulin are hormones related to regulation of
food intake and, consequently, body weight control. The values of
these hormones are subject to a great variability due to different pro-
tocols of sampling, analysis techniques and nutritional status. There-
fore a standardized protocol in healthy children is highly necessary.
2. Subjects and methods
This study was approved by the Research Ethical Committee of
Hospital de Clínicas de Porto Alegre. Informed and written consent
was obtained from all subjects' parents.
Table 1
Demographic data of subjects.
Variables n=111
Age (months)a 60.0 (35.0–91.0)
Age groups (months)
≤24 20 (18.0)
25–60 37 (33.3)
N60 54 (48.6)
Gender
Male/female 59 (53.2)/52 (46.8)
Iron and vitamin prophylaxis
None 99 (89.2)
Iron 10 (9.0)
Iron+vitamin 2 (1.8)
Fasting time (min) 240 (200–605)
Data were expressed as mean (SD), median (25th–75th percentiles) or total number (%).
a Minimal and maximal age (4–128 months).
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10 years were eligible to participate in this study. Subjects were en-
rolled from Pediatric Outpatient Clinics of Hospital de Clínicas de
Porto Alegre, Southern Brazil. Inclusion criteria were healthy children
whohad been scheduled for blood sampling as routinemedical checkup
or as standard assessment prior to eligible minimal surgeries (such as
insertion of otologic ventilation tubes, excision of benign nevus, surgery
to correct inguinal hernia and hypospadia). Exclusion criteria were as
follows: birth at gestational age lower than 37 weeks for children
aged under 2 years; gestational age lower than 28 weeks for children
aged under 3 years; current use of any restricted diet; any chronic or
acute disease; use of medication except iron and oral vitamins recom-
mended as routine practice; impossibility to anthropometry assess-
ment; body mass index (BMI)-for-age values out of −2.0 and +2.0
standard deviation (SD) limits for children under 5 years and out of
−2.0 and +1.0 SD limits for children over 5 years [17,18]; lack of ap-
propriate fasting period prior to blood collection.
2.1. Anthropometry assessment
Anthropometric measurements have been done according to WHO
training course on child growth assessment [19]. The variables were
presented as standard deviation score (SDS) for height-for-age ratio
(H/A), BMI-for-age ratio (BMI/A), triceps skinfold thickness-for-age
ratio (TSF/A), subscapular skinfold thickness-for-age ratio (SSF/A), and
mid upper arm circumference-for-age ratio (MUAC/A) according to
WHO standards [17].WHOAntho software version 3.0was used for chil-
dren under 5 years of age [20]. WHO AnthoPlus software was used for
children above 5 years [21]. Frisancho's Anthropometric Standards [22]
was used to calculate MUAC/A, TSF/A, and SSF/A for children above
5 years.
2.2. Blood samples and hormone assays
Peripheral blood samples of 2.0 mL were collected from all patients
following a fasting period of 3–14 hours. The ﬁrst group (0–24 months)
had the minimum fast period (3 hours). The second group (25–
60 months) had fasting period between 3 and 8 hours, depending on
the biochemical analysis the physician prescribed. The third group
(N60 months) had fasting period between 3 and 12 hours considering
some child that had lipid proﬁle in the medical review. Plasma and
serum samples were stored at−80 °C until measurement. For ghrelin
determinations the blood was taken into tubes containing EDTA-2Na
(1.25 mg/mL) and aprotinin (500 U/mL). In order to obtain accurate
data on ghrelin concentration, blood samples were centrifuged at latest
within 30 min after collection. For the preservation of plasma ghrelin
the sample was acidiﬁed with 1 mol/L HCl [23]. For leptin, insulin and
glucose determinations the blood was taken into serum tubes, centri-
fuged and stored. Total ghrelin, acyl ghrelin and leptin concentrations
were assessed by ELISA commercial kit (Linco Research, St Charles—
MI, USA). Insulin was assessed using ELISA commercial kit (Diagnostics
Systems Laboratories, INC Webster—TX, USA) and glucose was mea-
sured using glucose oxidase method GlicosePAP liquiform® (Labtest
Diagnóstica—Lagoa Santa-MG, Brazil).
2.3. Statistical analysis
The program used for statistical analysis was SPSS version 16.0
(Chicago, IL). Continuous variables were expressed as mean±SD or
median and interquartile range (25th and 75th percentiles). Normal
distribution of variables was checked by Kolmogorov–Smirnov test.
Variables with normal distribution were compared by Student's t test
and analysis of variance (ANOVA). Variables with asymmetric distribu-
tionwere analyzed by Kruskal–Wallis andMann–WhitneyU tests. Corre-
lation between continuous variables was assessed by Pearson or
Spearman correlation coefﬁcient test. Linearity was tested and logarithmadjustment was performed. Multiple linear regression analysis was used
to associate total ghrelin with age, acyl ghrelin with age and SDS-SSF/A,
des-acyl ghrelin with age, leptin with age, and SDS-BMI/A and SDS-H/A
with gender. The following comparisons were excluded by stepwise
model: total ghrelin with SDS-MUAC/A, acyl ghrelin with SDS-MUAC/A,
des-acyl ghrelin with SDS-MUAC/A, leptin with SDS-MUAC/A, leptin
with SDS-TSF/A, and leptin with SDS-SSF/A.3. Results
Overall median (25th–75th percentile) age of subjects was 60.0
(35.0–91.0) months; minimum and maximum ages were 4 and
128 months. The subjects were distributed in 3 age groups:≤24 months
(18%), 25–60 months (33.4%) and N60 months (48.6%); 53.2% male. Ten
percent of children were currently on iron and vitaminmedications. Me-
dian fasting timewas 240 (200–605)min. Mean (±SD) hemoglobin and
hematocrit values were 12.2±0.7 g/dL and 36.7±2.1%, respectively.
Values of total ghrelin, acyl ghrelin, des-acyl ghrelin, leptin, insulin and
glucose were described on Table 1.
Anthropometry values SDS-BMI/A, SDS-MUAC/A, SDS-TSF/A, and
SDS-SSF/A were within−2.00 and +2.00 SD for children under 5 years
and within−2.00 and +1.00 SD for children over 5 years. The SDS-H/A
was within−2.00 and +2.00 SD for all ages.
There was no signiﬁcant correlation between the fasting time and
plasma levels of ghrelin, acyl ghrelin, des-acyl ghrelin, leptin, and in-
sulin in the three age groups (PN0.05). There was no difference in
total ghrelin and des-acyl ghrelin between genders. Leptin was higher
in girls above 5 years when compared with girls under 2 years [2.77
(1.31–4.79) ng/mL vs 1.37 (0.90–2.15) ng/mL, P=0.039]. Insulin
and glucose were not signiﬁcantly different among the 3 age groups
in boys and girls (Table 2).
The concentrations of total ghrelin and des-acyl ghrelin were sig-
niﬁcantly lower in boys above 60 months when compared with boys
under 24 months of age (P=0.007 and P=0.003 respectively). The
concentrations of total ghrelin and des-acyl ghrelin were signiﬁcantly
lower in girls above 60 months when compared with girls from the
other 2 groups (P=0.021 and P=0.013 respectively) (Table 2).
Total ghrelin, acyl ghrelin and des-acyl ghrelin values have an inverse
correlation with age (rs=−0.475, Pb0.001; rs=−0.313, P=0.001;
rs=−0.484, Pb0.001 respectively). Total ghrelin and des-acyl ghre-
lin values did not correlate with any anthropometric parameter.
Acyl ghrelin has a weak negative correlation with SDS-SSF/A (rs=
−0.193, P=0.042), but did not correlate with any other antropo-
metric parameter. After multiple linear regression analysis, correla-
tion between age and total ghrelin, acyl ghrelin and des-acyl
ghrelin remained signiﬁcant (β=−0.442, β=−0.471, β=−0.442;
Table 2
Anthropometric data in standard deviation score between gender and age groups.
Variables Gender SDS-H/A SDS-BMI/A SDS-MUAC/A SDS-TSF/A SDS-SSF/A
Total M (n=59) 0.03±1.00 −0.14±0.80 −0.16±0.75 0.07±0.62 −0.08±0.60
n=111 F (n=52) 0.11±1.00 −0.10±0.80 0.32±0.48 0.10±0.66 −0.04±0.64
≤24 months M (n=10) 0.79±0.89 −0.15±0.75 0.25±0.68 0.36±0.81 −0.18±0.93
n=20 F (n=10) 0.16±1.38 −0.13±0.65 0.31±0.57 0.38±0.83 0.49±0.67
25–60 months M (n=22) −0.34±0.78 0.13±0.73 0.23±0.56 0.19±0.45 0.00±0.58
n=37 F (n=15) −0.04±0.80 0.30±0.72 0.56±0.44 0.40±0.74 −0.14±0.85
N60 months M (n=27) 0.05±1.05 −0.35±0.84 −0.63±0.65 −0.12±0.62 −0.12±0.48
n=54 F (n=27) 0.17±1.06 −0.30±0.84 0.18±0.43 −0.17±0.40 −0.18±0.33
M: male; F: female; SDS-H/A: standard deviation score for height-for-age; SDS-BMI/A: standard deviation score for body mass index-for-age; SDS-MUAC/A: standard deviation
score for mid upper arm circumference-for-age; SDS-TSF/A: standard deviation score for triceps skinfold thickness-for-age; SDS-SSF/A: standard deviation score for subscapular
skinfold thickness-for-age.
23M.I.A. Wilasco et al. / Regulatory Peptides 173 (2012) 21–26Pb0.001, respectively), and correlation between acyl ghrelin and
SSF/A-SDS remained signiﬁcant (β=−0.217; P=0.012) (Table 3).
Leptin values were not signiﬁcantly different among the 3 age groups
in boys. Leptinwas higher in girls aged above 60 monthswhen compared
with girls under 24 months (P=0.039). In thewhole group, it was found
aweak signiﬁcant correlation between leptin levels with age (rs=0.190;
P=0.046) (Fig. 1). Values of leptin weremore signiﬁcantly lower in boys
than girls (P=0.007) in all ages. After multiple linear regression analysis,
correlation between leptin values and age, SDS-BMI/A, SDS-H/A and
female gender remained signiﬁcant (β=0.207, P=0.012; β=0.415,
Pb0.001; β=0.189, P=0.020; β=0.271, P=0.001, respectively)
(Table 3).
Insulin and glucose were not signiﬁcantly different among the 3
age groups in boys and girls. There was no signiﬁcant correlation be-
tween insulin and ghrelin values, and between insulin and leptin
values in all age groups. There was an inverse signiﬁcant correlation
between total ghrelin and leptin values, and between des-acyl ghrelin
and leptin values in the whole group (rs=−0.237, P=0.012; rs=
−0.239, P=0.012, respectively).
4. Discussion
This study assessed fasting concentration of total ghrelin,
acyl ghrelin, leptin, insulin and glucose in 111 healthy children aged
0–10 years. The two main ﬁndings of the study were an inverseTable 3
Hormones and glucose between age groups and gender.
0–24 months 25–60 m
MALE n=10 n=22
Ghrelin (pg/mL)
Total ghrelin 1950 (1576–2922)b 1432 (1
Acyl ghrelin 322 (275–735) 313 (18
Des-acyl ghrelin 1649 (1241–2145)b 1192 (7
Leptin (ng/mL) 2.15 (0.93–2.64) 1.50 (1
Insulin (μU/mL) 23.5 (13.5–33.8) 17.6 (1
Glucose (mg/dL) 87±7.9 86.2±1
FEMALE n=10 n=15
Ghrelin (pg/mL)
Total ghrelin 1587 (1003–2167)b 1540 (1
Acyl ghrelin 304 (246–652) 392 (22
Des-acyl ghrelin 1343 (780–1609)b 1173 (9
Leptin (ng/mL) 1.37 (0.90–2.15)a 2.34 (1
Insulin (μU/mL) 16.5 (12.3–21.4) 17.7 (1
Glucose (mg/dL) 84.1±11.8 90.7±1
Data were expressed as mean (±SD) or median (P25–P75).
a,b Equal letters mean no signiﬁcant difference by Mann–Whitney U test.
† Kruskal–Wallis test.
†† ANOVA-one way.correlation between ghrelin values and age and a direct correlation
between leptin values with anthropometric parameters and female
gender. Insulin and glucose did not correlate with any variable of
the study.
Ghrelin has already been studied throughout newborn to adulthood
and except for ghrelin determinations according to pubertal stages [24],
only few studies have shown a range of normal values at different ages
[11,24–26]. Unlike the others, our study has some new aspects regard-
ing ghrelin levels in children. First, it was made in a very selected
healthy population, following a rigorous selection criteria which did
not include overweighed and/or obese children as has been done by
others [11,12,27,28]. Second, we collected blood sampleswith a speciﬁc
fasting period whereas others did not follow or did not specify a fasting
period [24–26]. Theminimum fasting period of 3 hours has been chosen
as it covers the length of time of 1–2 hours that plasma ghrelin levels
usually rose prior to the onset of a routine meal [29]. Third, this is the
ﬁrst study to determine more than one ghrelin isoform simultaneously
with leptin, insulin and glucose.
In our study, a signiﬁcant fall in ghrelin levels with age over child-
hood was seen. A similar trend has been reported in a group of 121
healthy children aged 5–19 years, who had blood samples taken
without fasting [25]. In regard of gender distribution, ghrelin levels
have been found higher in boys than girls [11] whereas we did not
ﬁnd difference between genders (see Table 4). The difference be-
tween those studies and ours is likely due to the heterogeneity ofonths N60 months P
n=27
000–2078)a,b 1155 (795–1551)a 0.007†
5–617) 280 (179–421) 0.288†
92–1687)a,b 913 (515–1231)a 0.003†
.16–1.63) 1.33 (0.91–2.53) 0.657†
0.4–24.1) 13.5 (5.0–20.6) 0.112†
4.4 92.6±15.2 0.262††
n=27
184–2160)b 1133 (897–1402)a 0.021†
2–523) 272 (185–336) 0.112†
83–1638)b 900 (645–1138)a 0.013†
.21–3.32)a,b 2.77 (1.31–4.79)b 0.039†
3.4–21.1) 14.1 (12.1–19.8) 0.359†
4.1 87.7±10.7 0.411††
Fig. 1. Correlations of total ghrelin, leptin and insulin with age and body mass index.
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taken. It is known that ghrelin may have a role on the control of GH
and insulin growth factor 1 (IGF-1) hormones; however it is not yet
fully clariﬁed the mechanisms that regulate the secretion of ghrelin.
One of the most important factors that regulate its secretion is be-
lieved to be related with feeding [2].
Ghrelin plays a role in the regulation of long-term energy balance
and body weight control. Our observation of a negative correlation be-
tween ghrelin concentration and age could sustain the hypothesis that
in early infancy, ghrelin may exert a strong growth hormone releasingaction to promote body growth. It has already been found that there
is a signiﬁcant ghrelin increase after birth peaking during the ﬁrst
2 years of life and a further decrease until the end of puberty [24].
A recent study showed that during periods of energy insufﬁciency,
exposure to acyl ghrelinmay limit energy utilization in speciﬁcwhite ad-
ipose tissue depots by lipid retention dependent on GH secretagogue re-
ceptors [30]. In accordance with this ﬁnding, ghrelin concentration has
been found low in obese patients [31,32]. We have not found signiﬁcant
correlation between ghrelin and BMI; however, this is controversial as a
negative correlation has been found in another study that included
Table 4
Percentile distribution of total ghrelin, acyl ghrelin, leptin and insulin in boys and girls.
P3 P25 P50 P75 P97
Total ghrelin (pg/mL)
≤24 months M 638 1576 1950 2922 1576
F 585 1003 1587 2167 1003
25–60 months M 445 1000 1432 2078 1000
F 669 1184 1540 2160 1184
N60 months M 346 795 1155 1551 795
F 418 897 1135 1402 897
Acyl ghrelin (pg/mL)
≤24 months M 108 275 322 735 792
F 71 246 304 652 756
25–60 months M 107 185 313 617 1053
F 117 222 392 523 1098
N60 months M 90 179 280 421 583
F 98 185 272 336 529
Leptin (ng/mL)
≤24 months M 0.31 0.93 2.15 2.64 4.12
F 0.76 0.90 1.37 2.14 2.36
25–60 months M 0.37 1.17 1.49 1.63 2.98
F 0.65 1.21 2.34 3.32 9.13
N60 months M 0.05 0.91 1.33 2.53 4.82
F 0.66 1.31 2.77 4.79 8.67
Insulin (μU/mL)
≤24 months M 13.1 13.5 23.5 33.8 45.1
F 5.0 12.3 16.5 21.4 32.9
25–60 months M 5.0 10.4 17.6 24.1 29.8
F 5.0 13.4 17.6 21.1 29.7
N60 months M 5.0 5.0 13.5 20.6 42.1
F 5.0 12.1 14.1 19.8 42.6
P: percentile; M: male; F: female.
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Nevertheless, we selected only subjects within the scores that exclude
overweighed and obese subjects.
In our sample there was no association between fasting time and
hormones in any age group (PN0.005); however studies with bigger
samples and the same rigorous criteria of selecting children should
be conduct to conﬁrm these ﬁndings.
Leptin is affected by many variables including gender, pubertal
stage, weight, diet and the analysis technique [33]. Short variations
are expected in the values assayed by different methodology, but
great variability should be due to different pubertal stages and BMI
included in the studies [11,12,24–28]. Some studies included over-
weighed and/or obese children [11,12,27,28], and older children
with advanced pubertal stage [11,24–28]. Higher leptin values than
ours have been described in children; however it may indicate inclu-
sion of advanced pubertal stage in subjects until 15 years [26].
It has been described that deﬁcient leptin patients usually eat all
types of food, even those which are usually not appreciated by chil-
dren at the same age. The administration of leptin in those patients
changed their behavior making them more selective to food [34].
Those ﬁndings may indicate that leptin is involved in the reward
properties of food; thus this may mean that appetite has individual
variation and might be associated with a higher susceptibility to
obesity.
Alterations of serum leptin due overnutrition or undernutrition in
perinatal period may determinate metabolic changes during adoles-
cence and adulthood [35]. The impact of nutritional programming
represents a relevant public health problem [36]. In this context, we
hypothesize that the higher values obtained for some subjects from
our experimental group, which was constituted exclusively by nor-
mal weight healthy children, might be a consequence of nutritional
programming through maternal obesity or undernutrition.
We identiﬁed a positive correlation between serum leptin
with gender and anthropometric parameters (SDS-BMI/A, SDS-H/A,SDS-MUAC/A, SDS-TSF/A and SDS-SSF/A). This is in accordance with
other studies where leptin values showed parallel changes in nutri-
tional status and energy storage across a broad range of nutritional
status, from starvation to obesity [14,37]. Furthermore, a signiﬁcant
correlation between all anthropometric parameters is consistent
with the literature, since these parameters reﬂect higher adipose tis-
sue. In the multivariate analysis leptin was signiﬁcantly associated
with age, female gender, SDS-BMI/A and SDS-H/A.
The most important limitation of our study is the small amount of
patients. We had only 20 patients aged 0–2 years and in this group it
was not feasible to evaluate insulin and glucose. We think this issue is
not a major limitation to the results we found, because our sample
had rigorous criteria of selection.
In conclusion, we have shown that plasma total ghrelin, acyl
ghrelin and des-acyl ghrelin were negatively correlated with age
in healthy children. Acyl ghrelin had a weak positive correlation
with SDS-SSF/A. Leptin was positively correlated with gender and
SDS-BMI/A. Insulin did not show any correlation statistically signif-
icant. This study may be useful to provide data for standardization of
ghrelin, leptin and insulin in healthy children. Moreover, this study
might be helpful for further comparison with children with disor-
ders that affect appetite and feeding behavior. Further multicentric
studies focusing the building of percentile curves for these peptides
in the pediatric population are needed.
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